Requested Patent: EP0492656A1 



Title: POLYETHYLENE COMPOSITION. ; 

Abstracted Patent: EP0492656 ; 

Publication Date: 1992-07-01 ; 

Inventor(s): 

HATTORI TAKAAKI (JP); IKEGAMI NOBORU (JP); KUBO KUNIMICHI (JP); 
MIYAUCHI TOSHIYUKI (JP); MORIMOTO TOSHIFUMI (JP); NISHIBU HIROFUMI (JP) 



Applicant(s): NIPPON PETROCHEMICALS CO LTD (JP) ; 

Application Number: EP19910122310 19911227 ; 

Priority Number(s): JP19900418497 19901228 ; 

IPC Classification: C08L23/04; C08L23/06 ; 

Equivalents: DE69127062D, DE69127062T, JP3045548B2, JP4249562, US5189106 ; 

ABSTRACT: 

A polyethylene composition which has excellent flow characteristics and mechanical properties, 
especially low temperature mechanical properties as well as thermal stability, elasticity and 
workability for molding. The polyethylene composition comprises 20 to 80 wt% of an ethylene- 
alpha -olefin copolymer of higher molecular weight having (a) intrinsic viscosity ( eta 1 ) of 1 .2 to 
9.0 dl/g, (b) density (d1) of 0.890 to 0.935 g/cm (c) a specific areal ratio calculated with an elution 
temperature-eluate volume curve in elution fractionation, and (d) a specific quantity of the content 
which is soluble in 25 DEG C o-dichlorobenzene, and 80 to 20 wt% of ethylene homopolymer or 
ethylene- alpha -olefin copolymer of lower molecular weight having (e) intrinsic viscosity ( eta 2) of 
0.2 to 1 .6 dl/g, (f) density (d2) of 0.890 to 0.980 g/cm and, wherein the above ( eta 1 ) is larger 
than ( eta 2), and the prepared composition has an intrinsic viscosity ( eta ) of 0.77 to 5.2 dl/g, a 
density (d) of 0.890 to 0.950 g/cm and a specific N-value of 1 .7 to 3.5. 
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© A polyethylene composition which has excellent flow characteristics and mechanical properties, especially 
low temperature mechanical properties as well as thermal stability, elasticity and workability for molding. The 
polyethylene composition comprises 20 to 80 wt.% of an ethylene-a-olefin copolymer of higher molecular weight 
having (a) intrinsic viscosity (iji ) of 1.2 to 9.0 dl/g, (b) density (di) of 0.890 to 0.935 g/cm 3 (c) a specific areal 
ratio calculated with an elution temperature-efuate volume curve in elution fractionation, and (d) a specific 
quantity of the content which is soluble in 25 *C o-dichlorobenzene, and 80 to 20 wt.% of ethylene homopolymer 
or ethylenes-olefin copolymer of lower molecular weight having (e) intrinsic viscosity fa) of 0.2 to 1.6 dl/g, (f) 
density (d2) of 0.890 to 0.980 g/cm 3 and, wherein the above fai) is larger than (ij 2 ), and the prepared 
composition has an intrinsic viscosity (17) of 0.77 to 5.2 dl/g, a density (d) of 0.890 to 0.950 g/cm 3 and a specific 
N-valueof 1.7 to 3.5. 
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BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

5 The present invention relates to a novel polyethylene composition. More particularly, the invention 
relates to a polyethylene composition which has a wide molecular weight distribution, good fluidity and 
excellent mechanical properties at low temperatures. Furthermore, the polyethylene composition of the 
invention comprises a high molecular weight ethylene-a-olefin copolymer having a very wide distribution of 
short branched chains among molecules and a relatively low molecular weight ethylene homopolymer or 

w ethyl-a-olefin copolymer, which composition excels in melt elasticity, flow characteristics and mechanical 
properties, especially in low temperature conditions. 

(2) Description of the Prior Art 

1$ The conventional high-pressure low density polyethylene (HP-LDPE) is prepared by radically poly- 
merizing ethylene at high pressures and high temperatures in tubular reactors or autoclaves. This HPrLDPE 
has long branched chains which are equal to the length of main chains and short branched chains of alkyl 
groups having 1 to 6 carbon atoms. Accordingly, the HP-LDPE is soft and low in crystallinity. For this 
reason, the HP-LDPE is worse in mechanical properties such as environmental stress cracking resistance. 

20 tensile impact value, dart impact value and tear strength. It is inferior in the mechanical strength especially 
at low temperatures. 

On the other hand, the linear low density polyethylene (LLDPE) is an ethylene-a-olefin copolymer which 
is produced under various polymerization conditions with various catalysts through several processes such 
as gas phase polymerization, slurry polymerization, solution polymerization and high pressure ion poly- 

26 merization. The mechanical properties of LLDPE is superior to those of HP-LDPE because the former 
LLDPE has only short branched chains which depend upon the kind of used o-olefin. 

However, because the molecular weight distribution of LLDPE is generally very narrow, it is worse in 
melt elasticity such as melt tension and flow characteristics such as N-value, flow parameter and critical 
shear velocity. The defects in the melt elasticity and flow characteristics have influences on workability in 

30 forming process. More particularly, there are several problems in the forming process concerning the 
smaller extrusion quantity, higher extrusion pressure, larger electric power consumption, insufficient high 
speed forming property, occurrence of fish eyes, roughness in the surfaces of formed products, and thermal 
deterioration caused by the excess heat generation in extruders. 

When the molecular weight is made low in order to improve the flow characteristics of LLDPE, there 

35 occurs several defects in the lowering of mechanical properties such as impact strength and environmental 
stress cracking resistance, especially in the lowering of low temperature mechanical strength and melt 
elasticity. Furthermore, when the density is made lower for the purpose of improving mechanical properties, 
the melt elasticity can hardly be improved. 

As described above, it has been quite difficult to improve the mechanical properties, especially low 

40 temperature mechanical properties, and flow characteristics and melt elasticity, simultaneously. 

In the conventional art, there are proposed some methods to widen the molecular weight distribution of 
ethylene-a-olefin copolymer in order to improve the flow characteristics (e.g. Japanese Laid-Open Patent 
Publication No. Sho 57-21409 and Japanese Patent Publication No. Sho 63-47741). Even when the 
molecular weight distribution is widened like the proposed methods, however, the melt elasticity and 

45 mechanical properties, especially low temperature mechanical properties, cannot be improved but they are 
made worse seriously. 

Furthermore, concerning the improvement in mechanical properties and flow characteristics in an 
ethylene-a-olefin copolymer which is composed of high molecular weight components and low molecular 
weight components, it was tried to improve not only the mechanical properties and flow characteristics but 

50 also the environmental stress cracking resistance (ESCR) by specifying the degree of short chain branching 
in high molecular weight components and by introducing a large quantity of short branched chains into the 
high molecular weight components (Japanese Laid-Open Patent Publication No. Sho 54-100444 and 
Japanese Patent Publication No. Sho 64-7096). The improvement to some extent can be attained in the 
above methods because the mechanical properties, especially the low temperature mechanical properties, 

55 are largely dependent upon the distribution of short branched chains in high molecular weight components. 
The methods are, however, still unsatisfactory in view of the measure to improve the mechanical properties 
and flow characteristics, especially those in low temperature conditions. 
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BRIEF SUMMARY OF THE INVENTION 

In view of the stat8 of the art mentioned above, it is the principal object of the present invention to 
provide a polyethylene composition which is excellent in melt elasticity, flow characteristics and mechanical 
5 properties, especially low temperature mechanical properties, which problems have never been solved in 
the conventional art. 

Pursuant to the above object, the inventors of the present invention have carried out extensive 
investigations, and as a result, a polyethylene composition which meets the requirement in melt elasticity, 
flow characteristics and mechanical properties, especially low temperature mechanical properties was found 
10 out, thereby accomplishing the present invention. 

According to the present invention, the novel polyethylene composition comprises: 
(I) 20 to 80 wt.% of a copolymer of ethylene and a-olefins having 3 to 18 carbon atoms, which 
copolymer meets the following conditions (a) to (d): 
(aj intrinsic viscosity fa ,): 1 .2 to 9.0 dl/g 
rs (b) density (di ): 0.890 to 0.935 g/cm 3 

(c) in the elution temperature-eiuate volume curve in continuously temperature rising elution fractiona- 
tion, the ratio S (lb/la) of the area lb under the curve of elution temperature of 25 to 90 • C to the area 
la under the curve of elution temperature of 90° C and above, is not larger than the value Si which is 
calculated with the following equation, 

20 

Si = 20 *r 1 exp[-50(di -0.900)] 



(d) the quantity W wt.% of the content which is soluble in 25 *C o-dichlorobenzene is not smaller than 
25 the value Wi which is calculated with the following equation, 

Wi = 20exphi) 

and 

30 (II) 80 to 20 wt.% of ethylene homopolymer and/or the copolymer of ethylene and a-olefins having 3 to 
18 carbon atoms, which meet the following conditions (e) and (f), 

(e) intrinsic viscosity fa): 0.2 to 1.6 dl/g 

(f) density (d 2 ): 0.890 to 0.980 g/cm 3 

the value fa) is larger than fa), and the intrinsic viscosity fa) of the composition is 0.77 to 5.2 dl/g, 
35 the density (d) thereof is 0.890 to 0.950 g/cm 3 and the N-value calculated with the following equation 
is 1.7 to 3.5. 



log (Y150/Y20) 

40 N-Value = 

log (t 150 A2o) 

wherein V is an apparent shear rate (sec- 1 at 170' C) and V is an apparent shear stress (dyne/cm 2 
45 at 170*C) and the subscripts "20" and "150" indicate loads of 20 kg/cm 2 and 150 kg/cm 2 , 
respectively. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 These and other desirable objects and features of the invention will become more apparent from the 
following description taken in connection with the accompanying drawings, in which: 

Fig. 1 is a graph showing an elution temperature-eluate volume curve in continuous temperature rising 
fractionation (TREF) method to obtain an areal ratio S; 

Fig. 2 is a flow sheet of two-step polymerization process used in the examples of the present invention; 
55 Fig. 3 is a flow sheet of one-step polymerization process used in the examples of the present invention; 
Fig. 4 is a graph showing the relation between densitity and Izod impact strength (-40* C); 
Fig. 5 is a graph showing the relation between densitity and tensile impact strength; 
Fig. 6 is a graph showing the relation between melt tension and Izod impact strength (-40 *C); 
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Fig. 7 is a graph showing the relation between melt tension and tensile impact strength; and 

Rg. 8 is a graph showing the relation between critical shear rate and Izod impact strength (-40 • C). 

DETAILED DESCRIPTION OF THE INVENTION 

5 

In the following, the present invention will be described in more detail with reference to several 
examples. 

The ethylene-a-olefin copolymer as the higher molecular weight component (I) in the present invention 

comprises the copolymer of ethylene and a-olefins having 3 to 18 carbon atoms. The a-olefins having 4 to 
10 10 carbon atoms are preferable in view of mechanical properties. More particularly, the a-olefin is 

exemplified by 1-butene, 1-pentene, 1-hexene, 4-methyM-pentene, 1-heptene, 1-octene, 1-nonene and 1- 

decene. These a-olefins can be used as a mixture of two or more kinds. 

The (a) intrinsic viscosity foi) of the ethylene-a-olefin copolymer as the higher molecular weight 

component (I) is in the range of 1.2 to 9.0 dl/g, preferably 1.4 to 8.5 dl/g, and more preferably 1.6 to 8.0 
15 dl/g. When the value n\ is smaller than 1 .2 dl/g, the melt elasticity and mechanical properties are worse. On 

the other hand, when the value *n is larger than 9.0 dl/g, the workability is worse with the occurrence of 

surface roughening and fish eyes. 

The (b) density (di) of the component (I) is in the range of 0.890 to 0.935 g/cm 3 , preferably 0.890 to 

0.930 g/cm 3 . When the density (di) is lower than 0.890 g/cm 3 , it is undesirable because the forming 
20 operation is difficult and the composition is tacky. On the other hand, when the density (di) is higher than 

0.935 g/cm 3 , the melt elasticity and mechanical properties are undesirably worse. 

As mentioned in the foregoing item (c), the distribution of branched chain in the composition (I) is 

measured in view of the dissolving temperature in a solvent according to Temperature Rising Elution 

Fractionation (TREF) of L. Wild et al. (Journal of Polymer Science, Polymer Physics Edition, Vol. 20, 441- 
25 455 (1982)). It is necessary that, in the elution temperature-eluate volume curve in TREF method, the area 

lb under the curve of elution temperature of 25 to 90 9 C and the area la under the curve of elution 

temperature above 90 *C must have a specific relationship. That is, the areal ratio (S = lb/la) in the 

schematically illustrated Fig. 1 must not exceed the value Si which is calculated with the following equation. 

30 Si = 20i?r 1 exp [-50(di - 0.900)] 

When the value S exceeds the value Si , it is not desirable in that the distribution of branched chains 
become almost even resulting in the decrease of highly branched components which is quite effective to 
improve the melt elasticity and mechanical properties, especially low temperature mechanical properties. 

35 In the component (I) of the present invention, the content (d) which is soluble in 25 °C o-dichloroben- 
zene (ODCB) indicates the quantity of component which contains branched chains of a very large quantity 
to the extent that it cannot be determined by the continuously temperature rising elution fractionation 
because the elution temperature is too low. This value must be larger than a certain value. That is, it is 
necessary that the quantity of soluble content W wt.% is not smaller than the value Wi , preferably larger 

40 than W 2 which are calculated with the following equations: 

W, = 20 exp (-7,1) 
W 2 = 22 exp (m) 

45 When the value (W) is smaller than Wi , it is not desirable as described above because the quantity of 
highly branched component which is largely effective to the melt elasticity and mechanical properties, 
especially low temperature mechanical properties, is small. 

The lower molecular weight component (II) of the present invention is ethylene homopolymer or the 
copolymer of ethylene and a-olefins. In the like manner as the component (I), the a-olefin for preparing the 

a? ethylene-a-olefin is those having 3 to 18 carbon atoms, preferably 4 to 10 carbon atoms. In view of 
mechanical properties, preferable a-olefins are exemplified by 1-butene, 1-pentene, 1-hexene, 4-methyl-1- 
pentene, 1-heptene, 1-octene, 1-nonene and 1-decene. These a-olefins can also be used as a mixture of 
two or more kinds. 

The value (e) of intrinsic viscosity fa 2 ) of the above component (II) is in the range of 0.2 to 1.6 dl/g, 
55 preferably 0.3 to 1.5 dl/g and more preferably 0.4 to 1.4 dl/g. When the value n 2 is lower than 0.2 dl/g, the 
mechanical properties, especially low temperature mechanical properties of the obtained composition are 
worse. On the other hand, when it exceeds 1.6 dl/g, the flow characteristics are low. which is not desirable 
either. 
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The value (f) of density (d 2 ) of the component (II) is in the range of 0.890 to 0.980 g/cm 3 , preferably 
0.900 to 0.976 g/cm 3 . When 62 is smaller than 0.890 g/cm 3 , it is not desirable because the plastics forming 
operation is difficult and the composition is tacky. On the other hand, when the density (cfe) is higher than 
0.980 g/cm 3 , not only the forming operation is difficult but also the mechanical properties of the composition 
5 is not good. 

The compounding ratios of both the components in the present invention are 20 to 80 wt.% of 
component (I) and 80 to 20 wt.% of component (II), preferably 30 to 70 wt.% and 70 to 30 wt.%, 
respectively. When the quantity of component (I) is smaller than 20 wt.%, the melt elasticity and mechanical 
properties, especially low temperature mechanical properties, are worse. Meanwhile, when the quantity of 

10 component (II) is larger than 80 wt.%, the flow characteristics is worse. Accordingly, the compositions in 
both the outside of the above range cannot be used. 

When the component (I) and component (II) are mixed together, it is necessary that the intrinsic 
viscosity of the component (I) is larger than that of the component (II). If the components do not meet this 
condition, it is difficult to attain the object of the present invention to improve the mechanical properties at 

15 low temperatures. 

As described above, the composition of the present invention can be prepared by mixing both the 
components (I) and (II), in which the properties of the composition after mixing must meet specific ranges. 
That is, the intrinsic viscosity fr) of the polyethylene composition must be in the range of 0.77 to 5.2 dl/g, 
preferably 1 to 4 dl/g. When the value fo) is lower than 0.77 dl/g, the melt viscosity and mechanical 

20 properties, especially low temperature mechanical properties are worse and when it exceeds 5.2 dl/g. flow 
characteristics are low, both of which are not desirable. 

The density (d) of the polyethylene composition is in the range of 0.890 to 0.950 g/cm 3 , preferably 
0.900 to 0.940 g/cm 3 . When the density (d) is lower than 0.890 g/cm 3 , it is not desirable because the 
forming operation is difficult and the composition is tacky. On the other hand, when the density (d) is higher 

25 than 0.950 g/cm 3 , mechanical properties such as tensile impact strength is low. 

It is necessary that the N-value of polyethylene composition is in the range of 1.7 to 3.5, preferably 1.7 
to 3.0. When the N-value is lower than 1.7, the high speed forming is difficult. When the N-value is higher 
than 3.5, melt fracture is liable to occur. 

The method to formulate the polyethylene composition of the present invention is not especially limited. 

30 For example, the component (I) and the component (II) are prepared separately through one-step poly- 
merization process and they are then mixed together by a conventional method. The polyethylene 
composition may also be prepared by the conventionally known two-step polymerization process or by 
multi-step polymerization process. 

In the former preparation by mixing, any known method can be adopted by using a uniaxial extruder, 

35 biaxial extruder or Banbury mixer or by solution mixing method. 

In the above-mentioned multi-step polymerization method, a plurality of reactors are used. For example, 
a first reactor is set to the polymerization conditions for the higher molecular weight ethylene-a-olefin of the 
component (I) and a second reactor is set to the polymerization conditions for the lower molecular weight 
polymer of the component (II). The polymerization product from the first reactor is continuously passed into 

40 the second reactor to obtain the polyethylene composition of the present invention. In this procedure, each 
component (I) or (II) may be prepared in any of reactors. That is, preparation can be carried out in arbitrary 
order and number of steps. 

In the above process, the type of reaction is not limited, for example, any of slurry method, gas phase 
method, solution method and high pressure ionic method can be employed. The polymerization catalyst is 

45 not limited either. For example, any of Ziegler catalyst, Phillips catalyst and Kaminsky catalyst can be used. 
Among several catalysts, a most desirable one is highly active Ziegler catalyst being carried on a solid 
carrier, which will be described in more detail. 

The highly active Ziegler catalyst comprises a solid component of transition metal compound which is 
carried on an inorganic solid carrier. The inorganic solid carriers are exemplified by metallic magnesium, 

50 magnesium hydroxide, magnesium carbonate, magnesium oxide, magnesium chloride, several kinds of 
alumina, silica, and silicaalumina, or double salts or double oxides, hydrates of carbonates and hydrates of 
silicates containing magnesium and one member selected from the group consisting of silicon, aluminum 
and calcium, and the substances which are prepared by treating or reacting these inorganic solid carriers 
with oxygen-containing compounds, sulfur-containing compounds, hydrocarbons or halogen-containing 

55 compounds. The transition metal compounds are exemplified by halides, alkoxyhalides, oxides and 
halogenated oxides of transition metals such as titanium, vanadium, zirconium and chromium, or combina- 
tions of these compounds with organometallic compounds of metals of Group I to IV of the periodic table, 
and preferably organo-zinc compound or organo-aiuminum compounds, or the substances which are 
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prepared by pretreating the above exemplified materials with a-olefins. The catalytic activity is generally 
more than 50 g-polymer/g-catalysrhr'kg/cm 2 -olefin pressure, preferably more than 100 g-polymer/g- 
catalysfhr*kg/cm 2 -olefin pressure. 

With in the scope of the present invention, any conventionally know additive can be incorporated into 
5 the polyethylene composition. The additives are exemplified by other olefinic polymers such as high, 
medium and low density polyethylene, ethylene-vinyi acetate copolymer, ethylene-ethylacrylate copolymer, 
ethylene-ethylmethacrylate copolymer and polypropylene, rubber, antioxidant, UV absorber, light stabilizer, 
lubricant, antistatic agent, antiblocking agent, processing aid and coloring pigment. 

In the following, the present invention will be described in more detail with reference to several 
to examples. The preferred embodiments described herein are illustrative and not restrictive, the scope of the 
invention being indicated by the appended claims and all variations which come within the meaning of the 
claim are intended to be embraced therein. 

In the first place, the test methods employed herein are described! 

15 (1) Intrinsic viscosity 

The value of fa) was measured in 135*C decalin solution. 

(2) Density 

20 

Measured by density gradation tube method at 23* C according to JIS K 6760. 

(3) Continuously temperature rising fractionation method (TREF) 

25 Measured according to L. Wild's method as mentioned in the foregoing paragraph. 

(4) Ratio (S) of areas in TREF 

Measured according to the foregoing paragraph with Fig 1. 

30 

(5) Component (W) soluble in o-dichlorobenzene at 25 • C 

A test sample (0.5 g) was heated for 2 hours in 20 ml of 135° C o-dichlorobenzene (ODCB) to dissolve 
the sample completely, which was followed by cooling to 25* C in 2 hours. This solution was left to stand 
35 still at 25 °C for one night and was filtered through a Teflon filter. The filtrate was analyzed by an infrared 
spectrometer to obtain the absorption at a wave number of 2950 cm" 1 corresponding to the asymmetrical 
vibration of methylene. The concentration in the sample was determined with an obtained result in 
comparison with a previously made calibration curve. 

40 (6) N-value 

Measured with a flowtester (Shimadzu Capillary Rheometer made by Shimadzu Corp., Ltd.) Test sample 
, was extruded through a die of 2 mm0 x 40 mm at 170* C for the material of MFR of 0.1 or higher and at 
210* C for the material of MFR of lower than 0.1 to obtain apparent shear rates at a low test pressure of 20 
45 kg/cm 2 and a high test pressure of 150 kg/cm 2 and N-value was calculated with the following equation. 



log (Yuo/Yao) 

N-value = 

50 log (Wt2 0 ) 

wherein V is an apparent shear rate (sec* 1 at 170*C) and "r" is an apparent shear stress (dyne/cm 2 at 
170* C) and the subscripts "20" and "150" indicates loads of 20 kg/cm 2 and 150 kg/cm 2 , respectively. 

55 

(7) Melt flow rate (MFR) 

Measured the value of MFR according to JIS K 6760 at 190* C with 2.16 kg load. 
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(8) High load melt flow rate (HLMFR) 

Measured the value of HLMFR according to JIS K 6760 at 190° C with 2.16 kg load. 
5 (9) Row parameter 

The value of FP was calculated with the following equation. 
FP = log (HLMFR/MFR) 

70 



(10) Yield tensile strength (YTS) 

is Measured according to JIS K 6760 at a tensile rate of 50 mm/min with test pieces of 2 mm in thickness. 

(11) Tensile impact strength (TIS) 

Measured according to ASTM D 1822 with test pieces of 2 mm in thickness. 

20 

(12) Izod Impact Strength (IIS) 

Measured according to JIS K 7110 at 23° C and -40' C. Sheets of 3 mm thick for measurement at 
23° C and of 4 mm thick for measurement at -40* C were made from a test sample using a press. The size 
25 of test pieces was No. 2-A. The test pieces were conditioned at 23* C and 50% humidity for 88 hours and 
were used for the tests at 23 °C and -40 *C. Meanwhile, the test pieces for use in -40* C test were further 
conditioned by placing them in an air bath at -40° C for about 3 hours and were subjected to the test 
without delay. The number of test pieces were five and an average of five test results were taken, 
respectively. 

30 

(13) Flexural Strength 

Measured according to JIS K 7106 using a flexural strength testing machine made by Toyo Seiki 
Seisaku-sho, Ltd. 

35 

(14) Melt tension (MT) 

Measured at 190° C using a melt tension tester made by Toyo Seiki Seisaku-sho, Ltd. 
40 (1 5) Critical shear rate (71 ) 

Measured at 190" C using a capillary rheometer made by International Technology & Science Corp. 

(16) Melting point (T m ) 

AS 

Measured by using a differentially scanning calorimeter made by Rigaku Corp. and the data indicated 
are the temperature of the maximum peak. Test pieces were made of pressed sheets of 0.2 mm thick. 

(17) Spiral flow length 

50 . 

Test pieces were made by injection molding at an injection temperature of 230 'C and an injection 
pressure of 1000 kg/cm 2 using a metal mold having a certain spiral cavity with an injection molding machine 
(IS 100 EN made by Toshiba Machine Co., Ltd.) The melt flow property was determined by measuring the 
lengths of molded spirals. 

55 

(18) Environmental stress cracking resistance (ESCR) 

Measured according to JIS K 6760 and the value of F50 of constant strain ESCR was indicated. 
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Example 1 

A two-step polymerization process is shown in Fig. 2. A 30 liter reaction vessel equipped with a stirrer 
was used as a first step reactor 1. The used solid catalyst was titanium tetrachloride being supported on a 
solid carrier containing a component of anhydrous magnesium chloride. This catalyst was fed through a line 
2 and a promoter of triethyl aluminum (TEA) was fed through a line 3. Starting materials of ethylene and 1- 
butene were continuously polymerized under the polymerization conditions shown in Table 1. In the 
drawing, the numeral 4 denotes an ethylene feeding line, 5 a 1-butene feeding line, 6 a hydrogen feeding 
line, and 7 a solvent feeding line. The polymerization conditions in the first step reactor 1 were 60 °C in 
temperature and 8.8 kg/cm 2 G in total pressure and the inside of the reactor was filled with liquid. The 
quantity Ei of polymerization product calculated from heat balance was 1.59 kg. A part of polymerization 
product was taken out from the first step reactor and properties of recovered polymer were analyzed, the 
results of which are shown in Table 5A. 

The polymerization product in slurry from the first step reactor 1 was introduced into a 70 liter second 
step reactor 9 through a line 8. As shown in Table 1, ethylene, 1-butene and hydrogen were additionally fed 
and polymerization was continued at a polymerization temperature of 65* C, a total pressure of 8.6 kg/cm 2 G 
and a liquid phase volume of 50 liter. The polymerization product taken out from the second reactor 9 was 
then introduced into a flashing vessel 10 through a line 11. The polymerization product was recovered 
continuously from a line 12 and subjected to analysis, the results of which are shown in the following Table 
5A. 

The quantity E of the finally recovered polymerization product was 3.38 kg, which coincided with the 
calculated value of Ei + E2. The average polymerization times of the first step reactor 1 and the second 
step reactor 9 were 25 minutes and 40 minutes, respectively. 

Examples 2 to 17 and Comparative Examples 1 to 6 

In the like manner as in Example 1, two-step polymerization was carried out with changing the kind of 
a-olefin and polymerization conditions. The polymerization conditions are shown in Tables 1 to 4 and the 
results of property tests are shown in Table 5A to 8B. 
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TABLE 1 Two-Step Polymerization Conditions (1) 



Items Units 

First Step Polymerization 
(Higher Molecular Weight) 

Qty. of Solvent 1/hr 

Qty. of Ethylene kg/hr 

Qty. of Comonomer 1/hr 

Kind of Comonomer 

Qty. of Hydrogen Hl/hr 

Qty. of Solid Catalyst g/hr 

Qty. of Promoter (TEA) maol/hr 

Polymerization Temperature *C 

Polymerization Pressure kg/cm 2 G 

Polymerization Time min 

Second Step Polymerization 
(Lower Molecular Weight) 

Additional Qty. of Ethylene kg/hr 



Additional Qty. of Comonomer 1/hr 
Kind of Additional Comonomer 



Additional Qty. of Hydrogen Nl/hr 

Ratio of Hydrogen/ethylene 

in Gas Phase Section by mole 

Ratio of Comonoier/Ethylene 

in Gas Phase Section by mole 

Polymerization Temperature 'C 

Polymerization Pressure kg/cm 2 G 

Polymerization Time min 



Examples 
1 2 3 4 5 6 



70 


70 


70 


70 


70 


70 


1.7 


2.0 


1.7 


1.7 


2.2 


2.0 


1.7 


6.7 


2.0 


2.9 


4.9 


2.7 


<U 


c 4 


c 4 


c 6 


c 6 


c 4 


3.7 


3.5 


3.2 


2.7 


4.0 


4.1 


0.9 


1.2 


1.2 


1.2 


1.2 


0.9 


21 


21 


21 


21 


21 


21 


60 


60 


60 


65 


60 


60 


8.8 


7.4 


8.7 


9.3 


10.8 


6.4 


25 


25 


25 


25 


25 


25 


1.3 


4 4 

1.1 


1.6 


2.0 


1.3 


1.8 


1.8 


0 


1.9 


0 


2.3 


2.3 


c 4 




c 4 




Ce 


c 4 


98 


62 


145 


120 


187 


130 


2.33 


1.87 


2.90 


2.22 


2.69 


2.17 


0.22 


0.19 


0.20 


0.11 


0.28 


0.25 


65 


65 


65 


70 


65 


65 


8.6 


7.1 


8.5 


9.1 


10.5 


8.2 


40 


40 


40 


40 


40 


40 
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TABLE 2 Two-Step Polymerization Conditions (2) 











Examples 






Items 


Units 


7 


8 


9 


10 


11 


12 


First Step Polymerization 
(Higher Molecular Weight) 
















Qty. of Solvent 


1/hr 


70 


70 


70 


70 


70 


70 


Qty. of Ethylene 


kg/hr 


1.7 


1.8 


1.8 


2.0 


1.3 


1.2 


Qty. of Comonomer 


1/hr 


1.4 


1.0 


2.0 


8.3 


0.43 


0.43 


Kind of Comonomer 


mm 


Ce. 


c 4 


c 4 


c 4 


c 4 


c 4 


Qty. of Hydrogen 


Sl/hr 


2.6 


3.8 


4.4 


3.6 


13 


14 


Qty. of Solid Catalyst 


g/hr 


0.9 


0.9 


0.9 


1.5 


1.0 


1.0 


Qty. of Promoter (TEA) 


Mol/br 


21 


21 


21 


21 


21 


21 


Polymerization Temperature 


•c 


65 


65 


60 


55 


70 


70 


Polymerization Pressure 


kg/ca J C 


11.5 


11.0 


8.5 


8.2 


8.0 


8.2 


Polymerization Time 


Din 


25 


25 


25 


25 


25 


25 


Second Step Polymerization 
(Lover Molecular Height) 
















Additional Qty. of Ethylene 


kg/hr 


1.9 


1.9 


1.3 


1.8 


2.8 


2.8 


Additional Qty. • of Comonomer 


1/hr 


0 


0 


1.8 


2.5 


0 


0 


Kind of Additional Comonomer 




-- 




c 4 


c 4 


-- 


-- 


Additional Qty, of Hydrogen 


Nl/hr 


130 . 


195 


103 


113 


138 


130 


Ratio of Hydrogen/ethylene 
in Gas Phase Section 


by Dole 


2.08 


2.10 


2.50 


2.40 


1.48 


1.41 


Ratio of Comonomer/Ethylene 
in Gas Phase Section 


by mole 


0.086 


0 


0.21 


0.34 


0.028 


0.020 


Polymerization Temperature 


•c 


70 


70 


70 


60 


80 


80 


Polymerization Pressure 


kg/cD s G 


11.2 


10.7 


8.3 


8.0 


7.8 


8.0 


Polymerization Time 


sin 


40 


40 


40 


40 


40 


40 
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TABLE 3 Two-Step Polymerization Conditions (3) 









E x a o p 1 e s 






Items 


Units 


13 


14 


15 


16 


17 


First Step Polymerization 
(Higher Molecular Beight) 














Qty. of Solvent 


1/hr 


70 


70 


70 


70 


70 


Qty. of Ethylene 


kg/hr 


1.3 


1.3 


1.2 


1.0 


1.0 


fity. of Comonomer 


1/hr 


0.90 


2.8 


1.2 


0.52 


0.51 


Kind of Comoncmer 




c 6 


c« 


c 4 


c 4 


c 4 


Qty. of Hydrogen 


Hl/hr 


12 


3.0 


5.0 


8.0 


13 


Qty. of Solid Catalyst 


g/hr 


1.0 


0.45 


0.45 


0.9 


0.75 


Qty. of Promoter (TEA) 


mnol/hr 


21 


21 


21 


21 


21 


Polymerization Temperature 


•c 


70 


60 


60 


70 


70 


Polymerization Pressure 


kg/ca J G 


8.2 


7.0 


9.1 


14.2 


10.0 


Polymerization Time 


Bin 


25 


25 


25 


25 


25 


Second Step Polymerization 
(Lower Molecular Height) 














Additional Qty. of Ethylene 


kg/hr 


2.8 


2.7 


1.9 


2.8 


1.8 


Additional Qty. of Comonomer 


1/hr 


0 


1.1 


1.4 


0 


0 


Rind of Additional Comonomer 






c 4 


c 4 


• — 




Additional Qty. of Hydrogen 


Nl/hr 


136 


50 


105 


160 


95 


Ratio of Hydrogen /ethylene 
in Gas Phase Section 


by oole 


1.45 


0.75 


2.32 


1.21 


1.41 


Ratio of Coionooer/Ethylene 
in Gas Phase Section 


by oole 


0.027 


0.10 


0.20 


0.034 


0.043 


Polymerization Temperature 


'C 


80 


70 


70 


80 


80 


Polyaerization Pressure 


kg/co'G 


8.0 


6.8 


8.9 


14.0 


9.8 


Polymerization Time 


Din 


40 


40 


40 


40 


40 
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TABLE 4 Two-Step Polymerization Conditions (4) 

Conparative Examples 
Items Units 1 2 3 4 5 6 



First Step Polymerization 
(Higher Molecular Weight) 



Qty. of Solvent 


1/hr 


Qty. of Ethylene 


kg/hr 


Qty. of Comonomer 


1/hr 


Rind of Comonomer 


mm 


Qty. of Hydrogen 


Hl/hr 


Qty. of Solid Catalyst 


g/hr 


Qty. of Promoter (TEA) 


Mol/hr 


Polymerization Temperature 


'C 


Polymerization Pressure 


kg/ca 2 G 


Polymerization Time 


nin 



Second Step Polymerization 
(Lover Molecular Weight) 

Additional Qty. of Ethylene kg/hr 

Additional Qty. of Comonomer 1/hr 

Kind of Additional Comonomer 

Additional Qty. of Hydrogen Nl/hr 

Ratio of Hydrogen/ethylene 

in Gas Phase Section by moie 

Ratio of Comonomer/Bthylene 

in Gas Phase Section by mole 

Polymerization Temperature 'C 

Polymerization Pressure kg/cm 2 G 

Polymerization fias tin 



70 


70 


70 


70 


70 


70 


2.2 


2.2 


2.2 


2.3 


2.3 


2.3 


0.12 


0.14 


0.15 


0.13 


0.13 


0.15 


l 4 








r 

c 4 




18 8 


20 5 


20 4 


6 3 


7 3 


r • J 


0.9 


0.9 


0.9 


0.9 


0.9 


0.9 


21 


21 


21 


42 


42 


42 


60 


(0 


60 


70 


70 


70 


12.0 


11.9 


11.6 


12.4 


12.9 


12.1 


25 


25 


25 


25 


25 


25 


1.1 


1.1 


1.0 


1.3 


1.3 


1.3 


4.5 


5.2 


6.4 


0 


0 


0 


c* 


c 4 


c 6 




■ • 




238 


220 


172 


273 


244 


239 


2.19 


2.20 


2.20 


2.18 


2.43 


2.50 


0.20 


0.24 


0.34 


0 


0 


0 


65 


65 


65 


80 


80 


80 


11.8 


11.6 


11.3 


12.1 


12.5 


11.8 


40 


40 


40 


40 


40 


40 
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TABLE 5A Physical Properties in Two-Step Polymerization (1A) 













Examples 






Items 




Units 


1 - 


2 


3 


4 


5 


6 


(Higher Molecular Weight 
Components A) 


















Intrinsic Viscosity 




dl/g 


4.3 


4.6 


5.4 


5 3 


5.9 


5.0 


Density 


d, 


g/cn 3 


0.916 


0.904 


0 913 


0 909 


0.910 


0.913 


Qty. Prepared 




kg/hr 


1.59 


2.04 


1.71 


1.71 


1.95 


2.26 


Percentage 




rt.S 


47 


56 


45 


41 


51 


49 


Ratio of Areas with TREF 


s 




1.0 


3.0 


1.4 


1.9 


1.3 


1.4 


Qty. soluble in 25 *C ODCB 


V 


vU 


2.6 


17.8 


4.7 


9.8 


6.4 


4.8 


s, 




■- 


2.09 


3.6 


1.9 


2.4 


2.1 


2.1 






vU 


0.27 


0.20 


0.09 


0.10 


0.05 


0.13 


(Lower Molecular Height 
Components Bj 


















Intrinsic Viscosity 


n 2 


dl/g 


0.83 


0.54 


0.36 


0.51 


0.38 


0.45 


Density 




g/CB3 


0.917 


0.931 


0.926 


0.945 


0.922 


0.923 


Qty. Prepared 


h 


kg/hr 


1.79 


1.60 


2.12 


2.45 


1.88 


2.33 


Percentage 




wt.t 


53 


44 


55 


59 


49 


51 
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TABLE 5B Physical Properties in Two-Step Polymerization (IB) 









Eiaiples 






Items 


Units 


1 


7 

L 




i 

T 


5 


6 


(Polyethylene Composition) 
















Qty. Prepared 


E kg/hr 


3.38 


3 64 


3 38 


4 16 


3.83 


4.59 


Intrinsic Viscosity 


n dl/g 


2.46 


2 81 




2 55 


3.20 


2.68 


Melt Flow Rate 


HFR g/lOmin 


0.11 


0 048 




0 092 

V» V76 


0.022 


0.065 


Density 


d q/cm 3 


0.917 


0.916 


0.920 


0.930 


0.916 


0.918 


Make 




2.45 


2.52 


2.82 


2.68 


2.87 


2.63 


Flow Parameter 


FP - 


2.02 


2.05 


2.13 


2.19 


2.31 


2.08 


HLHFR/MFR 


-- 


105 


112 


135 


155 


204 


120 


Yield Tensile Strength 


YTS kgf/cn 2 


110 


100 


110 


150 


100 


110 


Tensile Impact Strength 


IIS kgf.CE/ca 2 


1010 


1480 


1010 


920 


1380 


1210 


Izod Impact Strength 
(23°C, 3 m) 


IIS 

kgf.co/cui 2 


KB* 


ilD 


HD 
HD 


HP 
Ho 


NB 


SB 


MO'C, 4 mm) 


kgf.au/c2i 2 


NB 


NB 


30 


8.1 


1 


55 


fieiurai bcrengui (uisenj 


Kgi/CD 


187(1 


1780 


2050 


2780 


mm 
ioiu 


XOOU 


Melt Tension 


HT g 


12 


18 


15 


14 


20 


16 


Critical Shear Sate 


Y C sec" 1 


640 


330 


480 


590 


200 


440 


Melting Point 


Tm 'C 


123 


122 


123 


124 


122 


123 


ESCR {Constant Strain) 


ho hr 


>1000 


>1000 


>1000 


>1000 


)1000 


>1000 


Spiral Flow Length 


U 















NB*: Not broken 
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TABLE 6A Physical Properties in Two-Step Polymerization (2A) 











Exaiples 






Items 


Units 


7 


8 


9 


10 


11 


12 


(Higher Molecular Height 
Coiponents A) 


















Intrinsic Viscosity 






5.5 


5 1 


5 0 


5 0 


2.2 


2.3 


Densitv 

if CHOI L J 


a, 


g/cm 3 


0.915 


0 920 


0 920 

V < 4 It V 


0.900 


0.929 


0.929 


Otv Preoared 


ii 


kg/hr 


1.66 


1.70 


1.54 


1.68 


1.08 


1.03 


Percentage 


\ 


vt.t 


42 


44 


45 


50 


27 


26 


Ratio of Areas with TREF 


s 




1.1 


0.7 


0.8 


3.7 


1.4 


1.4 


fit j. soluble in 25°C ODCB 


V 




3.2 


1.3 


1.8 


36.0 


4.0 


3.7 


Si 




•« 


1.7 


1.4 


1.47 


4.00 


2.1 


2.0 






vt.S 


0.09 


0.12 


0.13 


0.13 


2.2 


2.0 


(Lower Molecular Weight 
Components 8) 


















Intrinsic Viscosity 




dl/g 


0.66 


0.67 


0.74 


0.82 


0.78 


0.84 


Density 




g/cii 3 


0.949 


0.953 


0.919 


0.910 


0.951 


0.955 


Qty. Prepared 


h 


kg/hr 


2.34 


2.16 


1.88 


1.68 


2.93 


2.87 


Percentage 


h 


wt.l 


54 


56 


55 


50 


73 


74 
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TABLE 6B Physical Properties in Two-Step Polymerization (2B) 

E x a i p 1 e s 

Items Units 7 8 9 10 11 12 

(Polyethylene Composition) 

Cty. Prepared E kg/hr 4.00 3.86 3.42 3.36 4.01 3.90 

Intrinsic Viscosity n dl/g 2.69 2.62 2.66 2.91 1.16 1.22 

Belt Plow Rate HFR g/lOoin 0.063 0.075 0.068 0.039 10 7 

Density d g/cnP 0.935 0.939 0.919 0.9O5 0.945 0.948 

H-Value -■ 2.66 2.52 2.43 2.41 1.80 1.79 

Flow Parameter PP ■- 2.11 2.11 2.03 2.02 - 1.62 

H1MFB/HFR •- . 129 130 107 105 42 

Yield Tensile Strength ITS kgf/ci 2 160 200 100 60 200 240 

Tensile Inpact Strength TIS kgf.ca/cn 2 960 660 960 2000 60 60 

Izod Inpact Strength IIS 

(23'C, 3 m) kgf.cn/ai 2 IB 50 KB NB 6.6 

HO'C. 4 mo) kg^.cl/cI , 7.3 6.4 42 NB 3.0 3.4 

Flexural Strength (Olsen) kgf/on* 3350 5000 2000 1000 5800 6200 

Melt Tension NT g 15 16 15 18 

Critical Shear Sate Yc sec-* 430 340 440 300 

Melting Point T m *C 125. 126 120 120 128 128 

ESCR (Constant Strain) F 50 hr >1000 >1000 >1000 >1000 60 70 

Spiral Flow Length bud 600 530 
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TABLE 7A Physical Properties in Two-Step Polymerization (3A) 











Ezaiples 






Items 


Units 


13 


14 


15 


16 


17 


(Higher Holecular Weight 
Components J) 
















Intrinsic Viscosity 


Tl- 


dl/g 


2.5 


4.3 


3.8 


5.0 


3.1 


Density 




g/cB 3 


0.918 


0.910 


0.909 


0.927 


0.930 


Qty. Prepared 


h 


kg/hr 


1.12 


1.26 


1.26 


0.68 


0.71 


Percentage 




it! 


30 


27 


36 


21 


30 


Ratio of Areas with TREF 


S 


-- 


2.4 


2.1 


2.7 


0.5 


0.9 


Qty. soluble in 25'C ODCB 


V 


it! 


9.1 


10.7 


14.4 


0.7 


1.8 


Si 






3.3 


2.82 


3.36 


1.04 


1.44 






it! 


1.6 


0.27 


0.45 


0.13 


0.90 


(Lower Holecular Weight 
Components 5) 
















Intrinsic Viscosity 




dl/g 


0.80 


1.05 


0.66 


1.00 


0.93 


Density 




g/cm 3 


0.945 


0.926 


0.924 


0.955 


0.950 


Qty. Prepared 




kg/hr 


2.61 


3.36 


2.26 


2.50 


1.69 


Percentage 


h 


it.! 


70 


73 


64 


79 


70 
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TABLE 7B Physical Properties in Two-Step Polymerization (3B) 









P T J 1 
b A a 1 


Ti n 1 o e 






Items 

X tenia 


Units 


13 


H 

11 


15 


1U 


17 


/Pnltfpfhvipnp rnmnnci fi'nnl 
\ruijciiijictic wuiupuaiiiuu/ 
















R ka/hr 

b nSjf 111 






J. J£ 


J. 10 


7 40 


Intrinsic Viscositv 




1 31 


1 93 


1 80 

1 . OV 


1 84 


1 58 

1 * JO 


Melt Flow Rate 

licit, f iuw (vaic 


MFR a/1 Omin 


5 


0 50 


0 79 

¥• / 7 


V • DO 


1 7 


Densitv 

1/n>1IB » » I 


d a/rfn3 


0 937 

V < / 


0 920 


0 918 


0 949 

V* 717 


0 944 

¥ • 711 


H-Value 




1,83 


2.13 


2.66 


2.28 


1.87 


Flow Parameter 


FP ■- 


1.60 


1.92 


2.24 


2.06 


1.78 


HLMFR/HFR 


- 


40 


83 


174 


115 


60 


Yield Tensile Strength 


YTS kgf/cn 1 


190 


120 


105 


260 


240 


Tensile Impact Strength 


TIS kgf.co/cffi J 


100 


480 


400 


170 


120 


Izod Impact Strength 
f23*C 3 ml 


IIS 

ivy i « um/ wut 


« 

0 


no 


no 




16 

10 


f-40'C 4 ml 

\ "v v, t Ml) 


A<jl«Uil/Ul 


4 1 

1.1 


17 


6 J 


U 


11 
11 


Fleiural Strength (Olsen) 


kgf/cm* 


4700 


2100 


*>1 AA 

2100 


u An 

7400 


CCAA 

5500 


Melt Tension 


HT g 




6 


5 


7 


3 


Critical Shear Rate 


y c sec-i 




1200 


2500 


4000 


8400 


Melting Point 


Im 'C 


126 


123 


122 


128 


127 


ESCR (Constant Strain) 


Fso hr 


130 


>1000 


>1000 


90 


50 


Spiral Flov Length 




460 


320 


480 


340 


350 
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TABLE 8A Physical Properties in Two-Step Polymerization (4A) 











Comparative Example 






Items 




Units 


1 


i 


i 


4 


5 


6 


(Higher Molecular Weight 
Components A) 


















Intrinsic Viscosity 


ii 


dl/g 


5.0 


5.0 


4.9 


5.2 


5.0 


4.9 


Density 




g/co 3 


0.934 


0.938 


0.933 


0.931 


0.932 


0.933 


Qty. Prepared 


«» 


kg/hr 


1.30 


1 15 


i in 


1. U 


1.80 


.1.80 


Percentage 


1 


wU 


45 


17 

hi 




3U 


49 


47 


Hatio of Areas with IREF 


s 




0.17 


V.IJ 


U . j£4 




0.30 


0.29 


Qty. soluble in 25'C ODCB 


u 


vU 


0.05 


n A* 


U.UD 


n 70 

V.47 


0.29 


0.27 


S, 




• • 


0.73 


0 60 

V . WW 


0 78 

v» / w 


0 82 

W» 06 


0.81 


0.78 






vU 


0.13 


0.13 


0.15 


0.11 


0.13 


0.15 


(Lower Molecular Height 
Components B) 


















Intrinsic Viscosity 




dl/g 


0.49 


0.53 


0.47 


0.54 


0.53 


0.50 


Density 




g/cii 3 


0.927 


0.913 


0.915 


0.970 


0.970 


0.971 


Qty. Prepared 




kg/hr 


1.58 


1.58 


1.47 


1.72 


1.88 


2.03 


Percentage 


x 2 


vt.t 


55 


53 


51 


.50 


51 


53 
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TABLE 8B Physical Properties in Two-Step Polymerization (4B) 



5 








Comparative Example 






I tens 


Units 


4 

1 


2 


3 


4 


5 


6 




(Polyethylene Composition) 
















10 


Qty. Prepared 


E kg/hr 


2.88 


3.00 


2.87 


3.44 


3.68 


3.83 




Intrinsic Viscosity 


i dl/g 


2. 52 


2.63 


2.64 


2.87 


2.72 


2.57 




Belt Flow Rate 


MFR g/10min 


0.095 


0.075 


0.071 


0.042 


0.059 


0.084 


15 


Density 


d g/cm 3 


0.930 


0.925 


0.924 


0.951 


0.951 


0.953 




N-Value 




2.58 


2.47 


2.48 


2.65 


2.59 


2.63 


20 


Flow Parameter 


FP - 


2.19 


2.11 


2.14 


2.37 


2.37 


2.42 


HLHFR/HFB 


— 


154 


129 


138 


234 


232 


263 




Yield Tensile Strength 


m kgf/cn 2 


140 


130 


120 


250 


250 


260 


26 


Tensile Impact Strength 


IIS kgf.cm/cm J 


200 


230 


250 


430 


350 


300 




Izod Impact Strength 
(23 C, 3 am) 


IIS 

kgf.an/an 3 


30 


33 


35 


17 


16 


14 


30 


(-40°C, 4 m) 


kgf.cn/ca' 


2.2 


2.3 


2.1 


2.5 


2.5 


1.3 


Flexural Strength (Olsen) 


kgf/co 1 


3700 


3000 


2900 


7300 


7300 


7800 




Belt Tension . 


HT g 


11 


9 


8 


19 


18 


16 


35 


Critical Shear Sate 


Yc sec-i 


350 


310 


300 


250 


300 


350 




Melting Point 


f 'C 


126 


125 


125 


128 


128 


129 




ESCR (Constant Strain) 


F Sfl hr 


)1000 


>1000 


>1000 


>1000 


>1000 


>1000 


40 


Spiral Flow Length 

















as Example 18 to 22 and Comparative Example 7 to 13 

A one-step polymerization process shown in Fig. 3 was carried out with a 70 liter reaction vessel 1 
equipped with a stirrer. The used solid catalyst was titanium tetrachloride which was supported on a solid 
carrier containing a component of anhydrous magnesium chloride. The one-step continuous polymerization 
so was carried out under the conditions shown in Tables 9 to 11 to obtain higher molecular weight components 
A1 to A8 and lower molecular weight components B1 to B5. The total pressure of the polymerization in the 
reactor was 8.0 to 9.7 kg/cm 2 G and the volume of liquid phase was 50 liter. 

Polyethylene compositions were prepared by blending these polymerization products under the follow- 
ing conditions using a Banbury mixer. The properties of the obtained compositions were measured and the 
55 results of which are shown in the following Tables 13A to 14B as Examples and Comparative Examples. 

{Blending Conditions) 



20 



EP0 492 656 A1 



Under N 2 atmosphere, quantity of fed materials: 3 kg, revolution: 200 rpm, kneading time: 5 minutes, 
kneading temperature: 150 to 180'C. 

In the next step, one-step polymerization was carried out under N 2 atmosphere using a 2 liter autoclave 
to obtain high molecular weight components A9 to A12. The polymerization conditions of this step are 
shown in Table 12. Polyethylene compositions were prepared from the thus obtained high molecular weight 
components A and the above low molecular weight components B using Brabender plastograph under the 
following conditions. The properties of the obtained compositions were measured, the results of which are 
shown in the following Tables 13Ato 14B as Examples and Comparative Examples. 

(Blending Conditions) 

Under N2 atmosphere, quantity of fed materials: 70 kg, revolution: 20 rpm, kneading time: 7 minutes, 
kneading temperature: 160° C. 
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TABLE 9 One-Step Polymerization (1) 











Higher Polymer Components A 


Items 




Units 


Al 


hi 


A3 


A4 


(Conditions) 














Oty. of Solvent 




1/hr 


25 


25 


25 


25 


Otv. of Ethylene 




ka/hr 


3 0 

J • V 


3.0 


3.0 


2.5 


Qty. of Comonomer 




l/hr 


3.0 


4.0 


3.6 


7.8 


Kind of Comononter 






c 4 


c 4 


Ce 


<U 


Qty. of Hydrogen 




Hl/hr 


14 


/ 


13 


1 A 

10 


Qty. of Solid Catalyst 




g/hr 


0.07 


A A7 


A AO 

O.Uo 


A 1 A 
0.10 


Qty. of Promoter (TEA) 




mmol/hr 


15 


15 


15 


15 


Ratio of Hydrogen/ethylene 
in Gas Phase Section 




by mole 


0.039 


0.012 


0.025 


0.042 


Ratio of Comonomer/Ethylene 
in Gas Phase Section 


by mole 


0.13 


ft 1 h 

0,17 


0.15 


0.36 


Polymerization Temperature 






70 


7A 


7A 

70 


55 


Polymerization Pressure 




ko/cm 2 G 


9.6 


9./ 




ft Q 

0.0 


Polymerization Time 




hr 


1.6 


1.6 


1.6 


1.6 


(Physical Properties) 














Intrinsic Viscosity 




dl/g 


4.3 


5.0 


4.8 


5.0 


Kelt Flow Rate 


MFR 


g/10min 










Density 




g/cm 3 


0.919 


0.914 


0.918 


0.900 


Qty. Prepared 




kg/hr 


3.1 


3.0 


2.9 


2.9 


Ratio of Areas vith TREF 


S 




0.8 


1.2 


0.9 


3.7 


Qty. soluble in 25'C 0DC3 


V 


wU 


2.0 


4.0 


2.5 


36.0 
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One-Step Polymerization (2) 



Higher Polymer Components I 



Ileal S 


tin i f e 

units 




AO 




AO 


lionuiuons) 












Qty. oi solvent 


i/nr 


3D 


JO 


JO 


Jd 


Qty. of Ethylene 


kg/hr 


4.2 


4.1 


4.1 


4,2 


Qty. of Comonomer 


1/hr 


0.49 


0.61 


0.58 




Kind of Comonoaer 








fS 

C 8 


* • 


yty. or wycrogen 


VI /k» 

ju/nr 


1 AO 


11s 

143 


1// 


i/U 


Qty. oi soiiu catalyst 


g/nr 


U.JU 


A iC 


A At 


A )A 

U.JU 


Qty. of Promoter (TEA) 


nmcl/hr 


21 


11 


11 


21 


Katio oi nyarogen/etnyiene 
in Gas Phase Section 


by mole 


0.69 


0.81 


0.85 


0.70 


Ratio of Comcnomer/Ethylene 
in Gas Phase Section 


kn ma In 

oy mole 




U.04D 


U.UJU 




Polymerization Temperature 


c 


fin 
BU 


BU 


on 
fill 




Polymerization Pressure 


kg/as 2 G 


9.4 


8.0 


8.6 


9.6 


Polymerization Time 


hr 


1.2 


1.2 


1.2 


1.2 


(Physical Properties) 












Intrinsic Viscosity ^ 


dl/g 


1.22 


1.05 


1.00 


1.31 


Melt Flow Rate HFR 


g/lOmin 


7 


17 


23 


5 


Density d x 


g/cm 3 


0.948 


0.945 


0.949 


0.963 


Qty. Prepared E l 


kg/hr 


4.1 


3.8 


4.0 


4.0 



Ratio of Areas with TREF S 

Qty. soluble in 25'C ODCB V vt.t 
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TABLE 11 One-Step Polymerization (3) 









Loser Polymer Components i 




Items 


units 


Bl 


B2 


63 


B4 


B5 


(Conauionsj 














gty. oi solvent 


l/nr 




25 


25 


25 


1A 


AL, _/ SILL.. 1 . 

Qty. of Ethylene 


kg/hr 


1 0 

2.8 


2.9 


2.7 


2.0 


4.0 


Qty. of Comonoioer 


1/hr 


2.6 


2.6 


1.9 


8.5 


0.1 


Kind of Comonomer 




c 4 


c 6 


c 4 


c 4 


c 4 


Qty. of Hydrogen 


Ml /L 

Nl/hr 


48 


215 


300 


280 


184 


Qty, of Solid Catalyst 


g/hr 


0.2 


0.3 


0.3 


0.5 


1 0 

1.8 


Qty. of Promoter (TEA) 


mmol/hr 


15 


15 


15 


15 


21 


Ratio of Hydrogen/etbylene 
in Gas Phase Section 


by mcle 


0.71 


1.74 


3.09 


2.01 


1.96 


Ratio of Comonomer/Ethylene 
in Gas Phase Section 


by mole 


A 11 

0.23 


0.17 


0.18 


0.45 


A AA1 

0.003 


Polymerization Temperature 


C 


70 


70 


70 


60 


OA 

SO 


roiymerizauon rressure 


Kj/cm b 


p. Q 

0.0 


11.0 


12.7 


14.5 


u 


Polperiration Time 


hr 


1.6 


1.6 


1.6 


1.6 


0.67 


(Physical Properties) 














Intrinsic Viscosity n 2 


dl/g 


1.00 


0.76 


0.47 


0.85 


0.80 


Density d 2 


g/cm3 


0.918 


0.925 


0.920 


0.910 


0.960 


Qty. Prepared E 2 


kg/hr 


3.5 


3.1 


3.3 


2.5 


4.2 
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TABLE 12 One-Step Polymerization (4) 











Higher Polymer Components A 


Iteos 




Units 


A9 


A10 


All 


A12 


(Conditions) 














Method of Polymerization 






Solution 
Method 


Solution 
Method 


Solution 
Method 


Slurry 
Method 


Kind of Solvent 






Cyclo- 
hezane 


Cvclo- 
hezane 


Cvclo- 

hezane 




Qty. of Solvent 




liter 


1 


1 


1 


1 


Maintained Pressure 
of Ethylene 




kg/cm l G 


20 


20 


20 


7 


Qty. of CononoBer 




g 


60 


60 


60 


60 

WW 


Kind of Coionoier 






c 4 








Qty. of Hydrogen 




ml 


150 


150 


150 


150 


Qty. of Solid Catalyst 




mg 


10 


10 


10 


10 

A V 


Qty. of Promoter (TEA) 




mmol 


0.5 


0 5 

V • J 


0 5 

V • J 


0 5 


Polymerization Temperature 




'C 


170 


170 


170 


170 


Polymerization Pressure 




kg/cm J G 


20 


20 

Lv 


20 


20 


Polymerization Time 




hr 


1 


1 


1 


1 


(Physical Properties) 














Intrinsic Viscosity 




dl/g 


1.8 


1.8 


1.8 


1.8 


Density 




g/cma 


0.919 


0.919 


0.919 


0.919 


Qty. Prepared 


Ei 


g 


91 


87 


83 


96 


Ratio of Areas with TREE 


S 




5.8 


5.0 


4.3 


3.1 


Qty. soluble in 25'C ODCB 


V 


vt.t 


2.2 


3.6 


2.4 


11.9 
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TABLE 13A Physical Properties of the Mixture of 
One-Step Polymerization Products (1A) 











Examples 






Items 




Units 


18 


10 


ZD 


21 


22 


(Higher Molecular Height 
Components A) 
















Kind of Component A 




-■ 


il 


A2 


A3 


14 


112 


Intrinsic Viscosity 


ni 


dl/g 


4.3 


5.0 


4.8 


5.0 


1.8 


Density 




g/ci 3 


0.919 


0.914 


0.918 


0.900 


0.919 


Percentage 




vU 


50 




Rn 


33 


50 


Ratio of Areas with TREF 


S 


mm 


0.8 


1 1 

It L 


0 Q 


3.7 


3.1 


Qty. soluble in 25'C ODCB 


V 


wt.i 


2.0 






36.0 


11.9 


Si 






1.80 


2 07 


1 69 


4.00 


4,4 






vU 


0.27 


0.13 


0.16 


0.13 


3.4 


(Lover Molecular Height 
Components B) 
















Kind of Component B 




mm 


81 


82 


B3 


84 


85 


Intrinsic Viscosity 




dl/g 


1.00 


0.76 


0.47 


0.85 


0.80 


Density 


d, 


g/cn 3 


0.918 


0.925 


0.920 


0.910 


0.960 


Percentage 


h 


vt.t 


50 


55 


50 


67 


50 
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TABLE 13B Physical Properties of the Mixture of 
One-Step Polymerization Products (IB) 









Examples 






Items 


Units 


18 


19 


20 


21 


22 


(Polyethylene Composition) 














Intrinsic Viscosity 


n dl/g 


2. 65 


2.67 


2.64 


2.22 


1.30 


Nelt Flow Rate 


NFR g/lOmin 


0.084 


0.076 


0.090 


0.21 


5 


Density 


d g/cm 3 


0.919 


0.920 


0.919 


0.907 


0.940 


N-Value 


-• 


2.23 


2.41 


2.43 


2.39 


1.75 


Flow Parameter 


FP -- 


1.93 


2.01 


2.03 


2.00 


1.64 


HLHFR/NFR 


-- 


85 


102 


107 


100 


44 


Yield Tensile Strength 


YTS kgr/cm 2 


100 


110 


100 


70 


200 


Tensile Impact Strength 


TIS kgf.cm/cm ! 


940 


1060 


1280 


980 


70 


Izod Impact Strength 
(23'C, 3 ma) 


IIS 

kgf. cm/cm 2 


RB 


KB 


NB 


NB 


6.0 


(-WC, 4 a) 


kgf.au/cffl 2 


34 


26 


36 


NB 


4.2 


Flexural Strength (Olsen) 


kgf/cn 1 


1900 


2030 


I960 


1100 


5000 


Kelt Tension 


HI g 


14 


15 


14 


9 




Critical Shear Rate 




540 


500 


580 


1200 




Melting Point 




120 


121 


120 


120 


126 


ESCR (Constant Strain) 




>1000 


>1000 


>100O 


>1000 




Spiral Flow Length 


mm 


■ • 




mm 


m m 


■ ■ 
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TABLE 14A Physical Properties of the Mixture of 
One-Step Polymerization Products (2A) 











Coiparative Example 






Items 




Units 


7 


a 

0 


9 10 


ii 
ii 


12 


13 


(Hioher Molecular tfeioht 
Components A) 


















Kind of Component A 




-- 


19 


MO 


Ml 25 


16 


17 


A8 


Intrinsic Viscosity 


Til 


dl/g 


1.8 


1.8 


1.8 1.22 


1.05 


1.00 


1.31 


Density 


*» 


g/cm 3 


0.919 


0.919 


0.919 0.948 


0.945 


0.949 


0.963 


Percentage 


■ L 
i 


wt.t 


50 


50 


50 100 


100 


100 


100 


Ratio of Areas with TREF 


s 




$.84 


4 96 










Otv. soluble in 25 *C ODCB 


H 


wt.i 


2.2 




2 4 


mm 












4.4 


4.4 


4.4 


mm 


mm 




i 




vU 


3.4 


3.4 










(Lover Molecular Weight 
Components B) 


















Kind of Component B 




mm 


B5 


B5 


B5 ■• 


mm 


mm 


mm 


Intrinsic Viscosity 


1 2 


dl/g 


0.80 


0.80 










Density 




g/cn3 


0.960 


0.960 










Percentage 


h 


wt.S 


50 


50 


50 0 


0 


0 


0 
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10 



75 



20 



30 



40 



TABLE 14B Physical Properties of the Mixture of 
One-Step Polymerization Products (2B) 













I i i d p 1 e s 






Items 




Units 


7 


8 


9 


10 


11 


12 


13 


(Polyethylene Composition) 




















Intrinsic Viscosity 




dl/g 


1.30 


1.30 


1.30 


1.22 


1.05 


1.00 


1.31 


Melt Flow Rate 


HFR 


g/lOmin 


5 


5 


5 


7 


17 


23 


5 


Density 


d 


g/cm^ 


0.940 


0.940 




fl QdA 


U. 7*3 


0.949 


0.963 


N-Value 






1.72 


1.74 


1 71 

1.13 


1 .30 




1.47 


1.56 


Flow Parameter 


FP 




1.58 


1.60 


i.Dv 


1 M 

1 . 3* 


MR* 


NG 


1.55 


HLHFR/MFR 






38 


40 




U 


flu 


E 


35 


Yield Tensile Strength 


YTS 


kgf/cm 2 


200 


200 








270 


310 


Tensile Impact Strength 


TIS 


kgf.co/cm 2 


60 


61 




JW 


S3 


30 


55 


Izod Impact Strength 
(23'C, 3 mm) 


IIS 


kgf.cn/cm 2 


5.0 


5.0 


5,0 


5.0 


4.0 


3.0 


4.2 


HO'C, 4 mm) 




kgf.ca/oD 2 


0.4 


0.5 


LI 


2.0 


1.2 


1.0 


2.4 


Flexural Strength (Olsen) 




kgf/ca 2 


4900 


4900 


5000 


6600 


7700 


8000 


11000 


Kelt Tension 


NT 


g 














1.0 


Critical Shear Rate 


Yc 


sec-* 














4500 


Welting Point 


Tm 


•c 


124 


124 


125 


126 


127 


128 


132 


ESCR (Constant Strain) 




hr 








12 


2 


1 


2.5 


Spiral Flow Length 




mm 








420 


560 


600 


420 



KG*: Not good 



45 Comparative Examples 14 to 20 

Commercially available linear low molecular weight polyethylene of the following trademark were 
evaluated, the results of which are shown in the following Table 15 and 16. 

(1) Phillips LLDPE #10: made by Phillips Petroleum Co. 

50 (2)NUCG5221: made by Nippon Unicar 

(3) Idemitsu PE-L 0234H: made by Idemitsu Petrochemical 

(4) DSM LLDPE 1016: made by DSM 

(5) CdF LOTREX FW1 290: made by CdF 

(6) Dow LLDPE XD60008-130: made by Dow Chemical Corp. 

55 (7) Ultzex 2520L: made by Mitsui Petrochemical Industry 
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TABLE 15 Physical Properties of 
Commercially Available LLDPE (1) 



Comparative Example 

Items Units U 15 16 17 



Trademark Phillips HOC . Idesitsu DSH 

LLDPE G5221 PE-L LLDPE 

110 0234H 1016 

Polymerization Method - Slurry Gas Phase Solution Solution 



Intrinsic Viscosity 


n dl/g 


1.75 


1.53 


1.54 


1.70 


Kelt Flow Rate 


MFR g/lOmin 


0.95 


1.97 


1.96 


1.19 


Density 


d g/cm 3 


0.921 


0.920 


0.920 


0.918 


N-Value 




1.67 


1.53 


1.50 


1.56 


Flow Parameter 


FP 


1.57 


1.46 


1.44 


1.49 


HLHFR/HFR 




37 


29 


28 


31 


Yield Tensile Strength 


YIS kgf/cu 1 


110 


105 


105 


105 


Tensile Impact Strength 


IIS kgf .m/cB 1 


460 


320 


320 


900 


Izod Impact Strength 
(23'C, 3 ma) 


IIS 

kgf.at/cii 1 


NB 


NB 


KB 


NB 


(-40'C, 4 mm) 


kgf.cn/ca 1 


2.5 


2.3 


2.5 


2.8 


Flexural Strength (Olsen) 


kgf/cti 3 


2000 


1900 


1900 


1700 


Melt Tension 


HT g 


2.0 


1.0 


1.0 


2.0 


Critical Shear Rate 


y c sec-* 


480 


820 


810 


500 


Melting Point 




124 


123 


117 


119 


ESCR (Constant Strain) 


ho l>r 


>1000 


>1000 


1000 


)10000 


Spiral Flow Length 


m 
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TABLE 16 Physical Properties of 

Commercially Available LLDPE (2) 



Comparative Example 
Items Units 18 19 20 



10 


Trademark 




cap 

LOTREX 
FV1290 


Dov L10PE 
XD60008- 
130 


Hitsui 
Dltzei 
2520L 


15 


Polymerization Method 


« 


High pressure 
ionic polyn. 


High Pressure 
ionic polyn. 


Solution 
polyn. 




Intrinsic Viscosity 


n dl/g 


1.77 


1.53 


1.47 




Melt Flow Rate 


MFR g/lOmin 


0.87 


1.99 


2.5 


20 


Density 


d g/cm 3 


0.919 


0.919 


0.921 




H-Value 


« 


1.58 


1.60 


1.35 




Flow Parameter 


F? 


1.50 


1.52 


1.33 


25 


HLMFR/MFR 




32 


33 


21 




Yield Tensile Strength 


YTS kgf/co 1 


110 


no 


110 


30 


Tensile Impact Strength 


IIS kgf.aa/cB* 


500 


320 


860 


Izod Impact Strength 
(23'C, 3 mm) 


IIS 

kgf .can/an 2 


SB 


IB 


KB 




(40'C, 4 mm) 


kgf.au/cii 2 


3.3 


3.3 


1.5 


35 


Flexurai Strength (Olsen) 


kgf/an 1 


1900 


1900 


2000 




Melt Tension 


M? g 


2.0 


1.0 


0.8 


40 


Critical Shear Rate 


y c sec-i 


360 


950 


700 


Melting Point 


T m 'C 


119 


116 


122 




ESCR (Constant Strain) 


F so hr 


>1000 


>1000 


)1000 


45 


Spiral Flow Length 


on 









(Results of Evaluation) 

50 

Low or medium density polyethylene compositions prepared by two-step polymerization method are 
described in Examples 1 to 10, 14 and 15 and Comparative Examples 1 to 3. Low density polyethylene 
compositions prepared by blending method are described in Examples 18 to 21. High density polyethylene 
compositions prepared by two-step polymerization method are described in Examples 11 to 13, 16 and 17 
55 and Comparative Examples 4 to 6. High density polyethylene compositions prepared by blending method 
are described in Examples 22 and Comparative Examples 7 to 9. High density polyethylene compositions 
prepared by one-step polymerization method are described in Examples 10 to 13 and commercially 
available linear low density polyethylenes are described in Comparative Examples 14 to 20. 
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Among the above data, particularly Important values are plotted in Fig. 4 to Fig. 8. 

From these results, it will be understood that the polyethylene composition prepared according to the 
present invention is quite excellent in low temperature mechanical strength. 

The polyethylene composition of the present invention has the properties of thermal stability, ESCR and 
elasticity comparable to the conventional polyethylene compositions, in addition, the composition of the 
present invention has the following advantages. 

(1) The composition excels in low temperature mechanical properties such as low temperature Izod 
impact strength and other low temperature resistance. 

(2) The composition excels in mechanical properties such as tensile strength, flexural strength, envi- 
ronmental stress cracking resistance and creep resistance. 

(3) The workability such as high speed forming property is good because the composition excels in melt 
elasticity such as melt tension and low characteristics such as critical shear rate. 

(4) With the above advantages, the polyethylene composition of the present invention can be used for 
producing various kinds of films, sheets, pipes, hollow containers, coating or wrapping materials and 
foamed articles. Furthermore, various kinds of molded goods can be produced because the polyethylene 
composition of the invention can be processed by any molding method such as extrusion molding, blow 
molding and injection molding. 

Claims 

1. A polyethylene composition which comprises: 

(I) 20 to 80 wt.% of a copolymer of ethylene and a-olefins having 3 to 18 carbon atoms, which 
copolymer meets the following conditions (a) to (d): 

(a) intrinsic viscosity fa): 1.2 to 9.0 dl/g 

(b) density (d,): 0.890 to 0.935 g/cm 3 

(c) in the elution temperature-eluate volume curve in continuously temperature rising elution 
fractionation, the ratio S (lb/la) of the area lb under the curve of elution temperature of 25 to 90* C 
to the area la under the curve of elution temperature of 90 *C and above, is not larger than the 
value Si which is calculated with the following equation, 

Si = 20 7,r 1 exp[-50(di -0.900)] 

(d) the quantity W wt.% of the content which is soluble in 25 *C o-dichlorobenzene is not smaller 
than the value Wi which is calculated with the following equation, 

Wi = 20exphi) 

and 

(II) 80 to 20 wt.% of ethylene homopolymer and/or the copolymer of ethylene and a-olefins having 3 
to 18 carbon atoms, which meet the following conditions (e) and (0, 

(e) intrinsic viscosity fa): 0.2 to 1.6 dl/g 

(f) density (d 2 ): 0.890 to 0.980 g/cm 3 

the value fa) is larger than fa), and the intrinsic viscosity fa of the composition is 0.77 to 5.2 
dl/g, the density (d) thereof is 0.890 to 0.950 g/cm 3 and the N-value calculated with the following 
equation is 1 .7 to 3.5. 

log (Y150/Y20) 
N-Value = 

log (Wfc)) 

wherein V is an apparent shear rate (sec' 1 at 170*C) and V is an apparent shear stress 
(dyne/cm 2 at 170'C) and the subscripts "20" and "150" indicates loads of 20 kg/cm 2 and 150 
kg/cm 2 . 
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The polyethylene composition as claimed in Claim 1, wherein the a-olefin used for preparing said 
ethylene-cr-olefin copolymer as said higher molecular weight component (I) is at least one member 
selected from the group consisting of 1-butene, 1-pentene, 1-hexene, 4-methyM-pentene, 1-heptene, 
1-octene, 1-nonene and 1-decene. 

The polyethylene composition as claimed in Claim 1 , wherein said lower molecular weight component 
(II) is ethylene homopolymer. 

The polyethylene composition as claimed in Claim 1 , wherein said lower molecular weight component 
(II) is a copolymer of ethylene and at least an a-olefin selected from the group consisting of 1-butene, 
1-pentene, 1-hexene, 4-methyl-1-pentene, 1-heptene, 1-octene, 1-nonene and 1-decene. 

The polyethylene composition as claimed in Claim 1 or 4, wherein said lower molecular weight 
component (II) is a mixture of ethylene homopolymer and ethylene-o-olefin copolymer. 
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